Objectives: To ascertain whether detailed isokinetic knee muscle testing reflects the results of other functional measurements in footballers and to look for any correlations between quadriceps tendon thickness and knee strength. Methods: Ultrasonographic evaluation of the quadriceps tendon (Hitachi EUB-405), isokinetic knee testing (Biodex System 3), and sprint measurements using telemetric photoelectric cells (Chronometre Prosport ESC TX02) were carried out on 29 elite footballers. Jumping capacity was evaluated using Bosco's jumping mat (Ergojump). Anaerobic fitness was assessed by auricular capillary blood lactate measurements (YSI Model 1500 Sport Lactate Analyzer). Results: Quadriceps tendon thickness correlated positively with jumping and sprint measurements and negatively with extensor and flexor strength. However, these correlations did not reach statistical significance. There were significant correlations between knee extensor strength at 60˚/s and jumping or sprint measurements and between the extension acceleration values of both knees during isokinetic tests at 240˚/s and the sprint measurements. No significant correlation was found between the fatigue ratio values of both knees at 240˚/s and the calculated fatigue ratios from the sprint measurements. Conclusions: Apart from a few variables which correlated with the performance tests, the isokinetic studies did not fully predict the various functional measurements. Neither was there any relation between the quadriceps tendon measurements and the knee strength values nor with the functional performance. I sokinetic muscle testing is often used to evaluate strength in sports medicine. A wide variety of objective and reproducible data can readily be obtained 1 2 from convenient measurements. When promptly interpreted, these data can be used to assess functional performance.
I
sokinetic muscle testing is often used to evaluate strength in sports medicine. A wide variety of objective and reproducible data can readily be obtained 1 2 from convenient measurements. When promptly interpreted, these data can be used to assess functional performance.
Several studies have compared the results of isokinetic knee testing with certain functional measurements in footballers, who require various skills of different intensities to play their sport. [3] [4] [5] [6] [7] In this study, we aimed to ascertain whether the results of isokinetic muscle testing would reflect the results of other functional measurements in elite footballers. More precisely, we wanted to correlate several variables of isokinetic testing for predicting data acquired from the other types of measurement. The comparative evaluations for which we sought correlations were: quadriceps tendon (QT) thickness and strength, sprint, or jumping measurements; peak torque values and sprint or jumping measurements; extension acceleration times and sprint measurements; fatigue ratios during isokinetic measurements with the ratios calculated from the sprint tests or lactate analysis.
MATERIALS AND METHODS
The subjects were 29 elite footballers (from a team in the first division) aged 18-31. Each player was given detailed information on the whole procedure before testing began.
Ultrasonographic evaluation of the quadriceps tendon
During the measurements, the players sat on the edge of the examination table with their legs hanging freely and their knees at 90˚of flexion. QT thickness was measured with a 7.5 MHz linear probe (Hitachi EUB-405) in longitudinal section with the probe parallel to the tendon's alignment, near its insertion in the patella. Any accompanying pathologies were noted.
Isokinetic muscle testing
Isokinetic muscle measurements were performed using the Biodex System 3 (Biodex Medical Systems, Inc, New York, New York, USA) dynamometer with the knee attachment on. Orientation of the dynamometer was kept at 0˚, tilt at 0˚, seat orientation at 0˚. Before the testing procedure, all the players performed conditioning exercises and stretching of the lower extremities to warm up. They then exercised on a treadmill for 10 minutes. They were seated and secured to the apparatus with straps across the chest and thigh. Each time, the attachments of the dynamometer were readjusted accordingly, so that the centre of motion of the lever arm was aligned as accurately as possible with the slightly changing flexion-extension axis of the joint. The resistance pad was placed on the distal tibia. The range of motion of the knee joint was set at 0-90˚. Bilateral isokinetic (concentric/ concentric) knee flexion and extension studies within the protocol of 60˚/s (five repetitions), 240˚/s (15 repetitions) were accomplished. Between the two sessions, players rested for 20 seconds. Vocal encouragement during the tests was consistent and standardised. Flexion and extension peak torque values, acceleration times, and fatigue ratios, automatically calculated by the device, were noted.
Functional performance tests
Sprint measurements were carried out by using telemetric photoelectric cells placed at 0, 5, 10, and 20 m (Chronometre Prosport ESC TX02, Tümer Engineering, Ankara, Turkey). The players stood 1 m behind the starting line, started on a verbal signal, and then ran as fast as they could to complete the 20 m distance. They repeated the test 10 times with 30 second rest periods in between. The fastest of 10 trials and fatigue ratios comparing the first with the last trial and the first three with the last three trials were used for subsequent analysis.
Jumping capacity was evaluated using Bosco's jumping mat (Ergojump; Globus Italia, Codogne, Italy). The players performed a squat jump and a counter movement jump with the arms kept akimbo to eliminate any contribution from them. The best result of three tests was recorded for further analysis.
Anaerobic fitness was assessed while the players ran on a treadmill, with a starting velocity of 10 km/h for three minutes. Then the speed was increased to 12 km/h and by 1 km/h onwards every three minutes until exhaustion. Blood lactate concentrations of 6 mM were reached. Auricular capillary blood lactate was measured, every three minutes, with a lactate analyser (YSI Model 1500 Sport Lactate Analyzer; Yellow Springs Instrument Co, Yellow Springs, Ohio, USA). Running speed and heart rate at 2, 2.5, 3, 4, and 6 mM lactate were all recorded, and those at 2 and 4 mM lactate were included in the statistical analysis.
Statistical Package for Social Sciences (SPSS) 10.0 for windows was used throughout the statistical analysis, and Pearson correlation coefficients were primarily taken into consideration. Table 1 summarises the descriptive anthropometric data and the QT thickness measurements. The QT measurements on both sides correlated strongly (r = 0.90, p = 0.00), whereas body weight correlated weakly only with QT thickness on the right side (r = 0.39, p = 0.05). Tables 2 and 3 show the isokinetic knee evaluation and functional test results respectively of the players. The peak torque values of knee extensors and flexors measured at 60˚/s and 240˚/s velocities correlated intrinsically (all p,0.05). Among the functional performance test results, there were positive intrinsic correlations in each group: squat jump and counter movement jump values; 5, 10, and 20 m passing times; heart rate and running speed during lactate analysis (all p,0.05).
RESULTS
QT thickness, on both the right and left side separately, correlated positively with the two types of jumping and sprint measurements, and negatively with the extensor and flexor peak torque values. None of these correlations reached significance (all p.0.05). There were significant correlations among extensor peak torque values at 60˚/s, jumping, and sprint measurements (table 4) . On the other hand, the same type of correlations between the flexor peak torque values at 60˚/s were not significant.
Values for extension acceleration time of both knees, right and left respectively, during isokinetic measurements at 240˚/s correlated positively with the 10 m passing times (r = 0.37, p = 0.05; r = 0.38, p = 0.05) and for the left knee; these values also correlated with the 20 m passing times (r = 0.43, p = 0.02).
Fatigue ratios for each knee at 240˚/s, during extension and flexion, correlated with those of the other knee (all p(0.001); however, when compared with the calculated fatigue ratios from the sprint measurements (first versus last trial and first three versus last three trials), no significant correlation was found. Nor was there any correlation with the variables obtained from lactate analysis-heart rate and running speed (all p.0.05).
DISCUSSION
One of the most important variables for measuring performance in team sports is physical condition. In football, however, because of the complexity of the game, it is difficult to ascertain the contribution of this variable to the functional outcome. Talent and technical and tactical strategies are the other contributing factors. We mainly focused on lower extremity muscular strength and anatomical features to explain the relative contributions to functional performance, which was evaluated by commonly used tests. We did not attempt to relate the results of any test to playing position but it is known that the endurance demands for the more active midfield players are higher than for defenders and forwards, who often display higher levels of vertical jump and sprinting performance. 8 9 Neither did we try to relate the measurements to playing level (elite versus subelite or amateur) as we conducted our study on a single professional team comprising elite players. It is known that such measurements vary according to the player's level, 4 elite players usually having stronger knee flexor muscles than amateurs.
In football, the quadriceps muscle is crucial in running, jumping, and kicking, and the hamstrings control running and stabilize the knee joint, 10 which becomes even more important with increased speed. 11 Our study yielded similar results, as the quadriceps muscle strength of the players correlated with the sprint and jumping measurements (table 4). As expected, as the players' strength increased, their passing times decreased and their jumping values increased. We noticed that the correlations were a little more significant for the left side measurements but we have no explanation for this. This is in accordance with a study by Saliba and Hrysomallis, 12 who evaluated the relation between lower limb strength and jumping and kicking performance. They found low to moderately significant correlations between isokinetic measures and vertical jumping and inferred that strengthening the knee musculature may enhance jumping performance. In contrast, Cometti et al, 4 reporting no correlations between maximal strength and anaerobic power performance, pointed out the necessity of determining the most relevant protocol for footballers. There are also studies on healthy subjects that have reported moderate to highly significant correlations between the isokinetic testing of the knee extensors and some functional performance tests such as one leg hop, [13] [14] [15] vertical jump, [16] [17] [18] [19] standing long jump, and five step jump. 16 On the other hand, the lack of correlation between the knee extensor strength and certain functional tests, such as square hop, one leg rising, draws attention to the contribution of other factors such as skill, endurance, coordination, and postural control. 3 Besides the isokinetic knee strength, we also looked at the acceleration times and fatigue ratios of the players during isokinetic measurements. To the best of our knowledge, neither the comparison of isokinetic acceleration values with sprint measurements nor comparison of the two fatigue ratios (isokinetic v sprint measurements) have been done before. We thought that isokinetic acceleration values may reflect sprint performances. The 10 m passing times correlated with the measurements on both sides, and 20 m passing times with measurements on the left side. Similarly, we looked for a correlation between the fatigue ratios of isokinetic and sprint measurements. We were unable to show any significant correlation, nor with the lactate analysis. This implies that isokinetic studies alone will not suffice to reflect the other test results as far as fatigue and acceleration are concerned.
In our study, QT thickness on both sides was evaluated by ultrasonography. Our aim was to relate the sonographic variables with either the strength measurements or the performance tests. Although they correlated to a certain extent, the significance was low. It has been shown that, as the tendon transmits larger forces, the calcified tissue at its insertion increases 20 ; thus it may be more useful to measure this calcification with ultrasound to obtain an idea of muscle strength. However, QT thickness was found to correlate with body weight (p = 0.05).
Overall, we suggest that isokinetic knee strength evaluations in footballers, and their prompt interpretation, may give an idea about their physical conditioning. They may reflect some results of related functional tests and be beneficial in the follow up of a rehabilitation programme, but cannot replace other specific functional performance measurements. We think that more relevant studies should be carried out to explain the relations-between the isokinetic tests results and the other types of measurement-that we have highlighted. It is reasonable to suggest that ultrasonographic evaluation of the force transmitting anatomical structures will-other than simply being useful for examining injuries-have merit in speculating on biomechanical properties. 
